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VSB TRANSMITTER USING LOCKED FILTER 



BACKGROUND OF THE INVENTION 

The present invention relates to optical communication systems and more 
particularly to systems and method for transmitting using optical filtering to shape the 
spectrum of a modulated optical signal. 

With continuing increases in data traffic, it is desirable to increase the carrying 
capacity of optical communication links. One way of doing this is to add new fibers. 
Where optical fiber communication links already exist, they are supplemented with new 
fiber along the entire link. This however is extremely expensive due to the need to dig 
along the length of the link to install the new fiber, the need to install optical amplifiers 
along the new fiber, and the fact that the optical link may extend over hundreds or even 
thousands of kilometers. 

Modern high capacity links typically already employ wavelength division 
multiplexing (WDM) techniques where a single fiber carries multiple optical signals 
having different wavelengths. In one representative configuration, there are multiple 
optical signals carrying 10 Gbps signals spaced 50 GHz apart in the frequency domain. 
The modulation employed is amplitude modulation (AM) so that each signal occupies 20 
GHz of spectrum. 

It would be desirable to increase the capacity of this link by, for example, a factor 
of 4. It would further be desirable to increase the link capacity without changing the 
WDM channel plan in order to minimize any modification of optical amplifiers or 
passive optical components along the link. A way of accomplishing this would be to 
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increase the data rate carried by each optical signal to 40 Gbps while maintaining 50 GHz 
spacing. However, if amplitude modulation is used, each signal will occupy at least 80 
GHz of spectrum causing spectral overlap of the modulated optical signals. Increasing 
the spacing to accommodate the wider modulated signals would reduce the number of 
WDM channels that can be accommodated, greatly reducing any capacity increase that 
would otherwise be achieved. Another problem with the increased data rate is that 
chromatic dispersion is increased due to the broadened spectrum of each signal while the 
tolerance to chromatic dispersion effects is reduced due to the narrowing of the pulse 
widths of the modulated signals. 

An alternative to amplitude modulation is the use of vestigial sideband (VSB) or 
single sideband (SSB) techniques where one of the two sidebands introduced by 
amplitude modulation is suppressed (VSB) or entirely attenuated (SSB). In SSB, the 
carrier is also attenuated. These techniques are more spectrally efficient than AM. 
Furthermore, they allow data rate to be increased with less impact from chromatic 
dispersion effects. Proposed optical VSB and SSB optical transmitters involve the use of 
extremely complex and expensive modulators that synthesize the suppressed sideband 
signals. Besides complexity and expense, another drawback is that optical amplification 
would be required to compensate for the insertion loss introduced by these modulators. 

What is needed are more easily implemented systems and methods for generating 
suppressed sideband optical signals. 
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Summary Of The invention 

Systems and methods for generating spectrally efficient modulated optical signals 
are provided by virtue of one embodiment of the present invention. Capacity of WDM 
optical communication links may be increased dramatically without changing the WDM 
channel plan thus minimizing modifications to optical amplifiers and passive optical 
components. In one embodiment, a vestigial sideband (VSB) optical signal is generated 
by filtering an amplitude modulated (AM) signal using a filter having a center frequency 
locked to the transmission frequency of a laser. 

According to a first aspect of the present invention, an optical transmitter 
includes: a coherent light source, a frequency control loop that measures and controls a 
transmission frequency of the coherent light source, and an optical filter having a 
controllable center frequency that filters a modulated signal derived from the coherent 
light source. The wavelength control loop tunes the controllable center frequency to be a 
fixed spacing away from the transmission frequency. 

According to a second aspect of the present invention, a WDM optical 
transmission system includes a plurality of optical transmitters. Each of the optical 
transmitters includes a coherent light source, a frequency control loop that measures and 
controls a transmission frequency of the coherent light source, and an optical filter having 
a controllable center frequency that filters a modulated signal derived from the coherent 
light source. The wavelength control loop tunes the controllable center frequency to be a 
fixed spacing away from the transmission frequency. 
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Further understanding of the nature and advantages of the inventions herein may 
be realized by reference to the remaining portions of the specification and the attached 
drawings. 
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Brief description Of the drawings 



Fig. 1 depicts a WDM transmission system employing VSB modulation according 
to one embodiment of the present invention. 

Figs. 2A-2B depict elements of a WDM signal in the frequency domain according 
to one embodiment of the present invention. 

Fig. 3 depicts a VSB optical transmitter according to one embodiment of the 
present invention. 
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DESCRIPTION OF SPECIFIC EMBODIMENTS 



The present invention is generally directed toward an optical transmitter that 
generates an amplitude modulated signal with suppressed sidebands. The discussion 
below will primarily refer to generation of a vestigial sideband (VSB) signal but it will be 
appreciated that the present invention also applies to other signals such as single sideband 
(SSB) signals. 

One application of the present invention is a WDM optical communication system 
where multiple signals having different wavelengths occupy the same fiber. According 
to the present invention, filtering to attenuate one of the sidebands of an amplitude 
modulated optical signal reduces the spectrum occupied by the signal. This allows the 
data rate of a WDM optical communication link to be increased by increasing the data 
rate of the individual optical signals. In many situations, the filtering technique provided 
by the present invention allows this to be accomplished without changing the spacing 
between WDM channels. Thus, the capacity increase provided by increased data rate is 
not lost due to a reduced number of WDM channels. Furthermore, the narrower spectrum 
occupied by the VSB signal results in less impairment due to chromatic dispersion than 
would result from amplitude modulation. 

Fig. 1 depicts a WDM transmission system 100 employing VSB modulation 
according to one embodiment of the present invention. WDM transmission system 100 
includes multiple VSB transmitters 102. Each of VSB transmitters 102 receives a digital 
data stream or an analog signal that has been developed to encode the digital data stream. 
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In one embodiment, each of the inputs to VSB transmitters 102 carries information at a 
40 Gbps rate. Each of VSB transmitters 102 outputs a modulated optical signal on a 
wavelength or frequency assigned according to a WDM channel plan. According to the 
present invention, the modulation scheme may be, e.g., VSB, where a sideband of an 
amplitude modulated optical signal is suppressed. The optical outputs of VSB 
transmitters 102 are optically coupled to an optical multiplexer 104 as is known in the art. 
Multiplexer 104 combines the multiple optical signals carrying disparate wavelengths 
onto a common output fiber 106. 

Figs. 2A-2B depict elements of a WDM signal in the frequency domain according 
to one embodiment of the present invention. The frequencies of 4 particular WDM 
channels A.13, X\ 4j \\ 5 , and X\e are shown as well as details of modulation on the signal 
occupying channel X14. In a representative embodiment, the WDM channels are spaced 
50 GHz apart. 

In Fig. 2A, a spectral contour 202 represents the spectrum of an optical signal at 
A44 that is amplitude modulated with data. In a representative embodiment, the data rate 
is 40 Gbps and the amplitude-modulated spectrum extends 40 GHz in both directions 
from the center at Xu- If this data rate were to be used at each WDM channel, the use of 
amplitude modulation would cause the various signals to overlap in the frequency 
domain. Even if the data rate were to be reduced to e.g., 20 Gbps, to eliminate overlap 
when transmitters 102 transmit on their exact assigned frequencies, one must still 
consider that overlap may well result from transmitter frequency drift over time. 
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To permit the use of data rates that are high relative to the WDM channel spacing, 
the present invention provides for filtering of the amplitude modulated optical signal on 
each WDM channel. A filter response 204 is depicted as an example; of the type of 
filtering used to limit the spectrum of the amplitude modulated optical signal. In this 
example, the upper sideband and carrier are within the passband of the filter response 
whereas a large portion of the lower sideband is in the stopband of the filter response. A 
portion of the lower sideband in proximity to the carrier is within a transition between the 
passband and the stopband. 

In one embodiment, the bandwidth of the filter response is between 0.4 and 0.7 
times a bandwidth equivalent to the bit rate of the modulation data. The center frequency 
of the filter can then be between 0.2 and 0.35 times this bit rate equivalent bandwidth. 

Fig. 2B depicts a contour 206 that represents the spectrum of the VSB signal 
resulting from the application of filter response 204. It can be seen that the upper 
sideband and carrier are preserved while the lower sideband is greatly attenuated. It will 
be appreciated that using a similar filter structure, one could preserve the lower sideband 
and carrier while greatly attenuating the upper sideband. 

Fig. 3 depicts VSB optical transmitter 1 02 according to one embodiment of the 
present invention. A laser 302 emits a continuous wave (CW) optical signal. Laser 302 
may be a distributed feedback (DFB) laser. An etalon frequency control device 304 as 
known in the art receives the optical energy generated by laser 302 and generates an 
electrical control signal to lock the transmission frequency of laser 302 to a desired value. 
The optical output of frequency control device 304 is coupled to a modulator 306. 
Modulator 306 may be a LiNb device and amplitude modulates the frequency-locked CW 
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signal in accordance with a modulation signal. This modulation signal may be, e.g., an 
analog signal encoded with digital data according to either an RZ (return to zero) or NRZ 
(non-return to zero) scheme. 

The output of modulator 306 is coupled to the input of an optical bandpass filter 
308. The response of optical bandpass filter 308 substantially corresponds to filter 
response 204 from Fig. 2A(or an equivalent response that attenuates the upper sideband 
rather than the lower sideband). Optical bandpass filter 308 also has an electrically 
controllable center frequency. 

According to one embodiment of the present invention, the control signal for the 
center frequency is derived from the output of frequency control block 304 so that the 
center frequency of optical bandpass filter 308 is locked to the transmission frequency of 
laser 302 plus a predetermined spacing. In one embodiment, this spacing is between 0.2 
and 0.35 times the bandwidth equivalent of the data rate. In this way, the response of 
filter 308 will not drift so as to either attenuate desired portions of the upper sideband or 
pass undesired portions of the lower sideband. Circuitry to convert the control signal 
used for laser 302 to a control signal for optical bandpass filter 308 may be implemented 
in any suitable way. 

It is understood that the examples and embodiments that are described herein are 
for illustrative purposes only and that various modifications and changes in light thereof 
will be suggested to persons skilled in the art and are to be included within the spirit and 
purview of this application and scope of the appended claims and their full scope of 
equivalents. For example, a similar structure used in conjunction with a suitable filter 
may be used to attenuate the carrier as well, to develop a SSB modulated optical signal. 
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